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Copies of this report should not be returned unless return is required by security considerations, contractual obligations, or notice on a specific document. The objective of this program was to provide the Electronic Device Branch (AFWAL/AADR) with the support needed to perform state 6ffthe 4 art electronic device research. In the process of managing and performing on the project, UES has provided a wide variety of scientific and engineering talent who worked in-house for the Avionics Laboratory. These personnel worked on many different types of research programs from gas phase microwave driven lasers, CVD and MOCVD of electronic materials to Electronic Device Technology for new devices. The fields of research included MBE and theoretical research in this novel growth technique. Much of the work was slanted towards the rapidly developing technology of GaAs and the general thrust of the research that these tasks started has remained constant. This work was started because the Avionics Laboratory saw a chance to advance the knowledge and level of the current device technology by working in the compound semiconductor field. UES is pleased to have had the opportunity to perform on this program and is looking forward to future efforts with the Avionics Laboratory. ,-?}.-) 
5.
Higher transconductance and electron speeds are possible with MISFETs since these operate at lower fields.
6.
MISFETs are fabricated on bulk material rendering epitaxial layers unnecessary. The metalorganic chemical vapor deposition (MOCVD) system was designed to be able to separately grow epitaxial GaAs layers on bulk GaAs using the metalorganic trimethyl gallium (TMG) and arsine. Hydrogen is the carrier gas for this subsystem. It also includes the facility to grow silicon and germanium nitrides using silane and germane, respectively, in conjunction with ammonia and nitrogen as a carrier gas.
The growth of a nitride layer on freshly grown in-situ GaAs eliminates the exposure of the active layer to oxygen and reduces the hazards of interface states resulting from an oxide layer. The system underwent substantial modifications during the course of the project. The in-situ etch capability was changed to utilize a high purity mixture of hydrochloric acid (HCl) in hydrogen rather than arsenic trichloride.
Baffle configurations were changed. Wafers were solvent cleaned (boiled for 5 minutes each in trichloroethylene, acetone, and methanol). Gold-germanium was evaporated on the back side of the wafers and alloyed at 4250C for 2 minutes in forming gas. The aluminum dots were evaporated through a mechanical mask to form NOS devices. All the measurements were taken at room temperature.
For the capacitance-voltage (C-V) characterization, an HP-4061A system was used.
The existing computer programs for the evaluation of GaAs-Insulator interfaces were studied. The high frequency C-V measurement program was modified; this program has the capability of changing the ramp voltage from 10 my to 500 mv/sec. Programs were also tested and modified to calculate ideality factor and built-in potential. These programs are now working for gallium arsenide and can be used for capacitance-voltage
characterization of metal insulator semiconductor (MIS) devices.
2.3
Task 003 -PED Insulator on GaAs This work is principally a progress report on the construction and operation of a novel AsCl 3 reactor for controlled gas phase stoichiometry. This is part of an effort to bring together a variety of characterization tools and a more flexible version of the AsCl 3 system in order to more broadly characterize the growth method and the characterization tools. The motivation is that, while the AsCI 3 epitaxial growth system is the most widely used method for the growth of microwave device material and has produced the highest purity material, relatively little information is available on how variations of Ga/As in the gas phase composition affect the material produced. In most AsCl 3 reactors, this ratio is not easily controlled being a function of source efficiency, wall deposit extensiveness, flow rates, etc. If stoichiometry related defects or defect complexes are important in GaAs growth, it might be expected that the GaCl/As ratio in the growth environment is important. A number of features in GaAs which were suspected of being related to stoichiometry, such as the observation of complexes in this laboratory, were the initial motivation of this study.
While a study was made over a wide range of Ga/As in the chloride system by Merenda, the previous studies of stoichiometry in GaAs growth, which included a study of defects, have used the hydride or metalorganic CVO growth methods. A roughly analogous study was undertaken in the chloride For these studies, a novel AsCl 3 type reactor was designed and built.
In its basic design, it was like the usual two-bubbler AsCl 3 reactor used for MESFET growth. The novel feature was the addition of a .7
third bubbler which feeds a cracking furnace and then a second source chamber. This makes possible the operation of the reactor in a GaCi rich mode in a controllable way.
2.5
Task 005 -Raman Spectroscopy/Characterization of Semiconductors A strongly anisotropic Raman excitation of the coupled longitudinal optical phonon-plasmon modes in n-GaAs near the E a +0 energy gap was observed. The anisotropy is shown to result from the interference between the deformation potential and electro-optic mechanism and the electron charge density fluctuation meLhanism.
A UES scientist also investigated the degradation of GaAs substrates and insulating films by exposure to low pressure plasma. The charge carrier reduction to low pressure plasma due to the creation of compensating defects during the hydrogen plasma treatment of n-GaAs was reported.
The increased density of fast surface states and the non-uniform storage of positive trapped charge within the oxide layer was responsible for the degradation of metal oxide semiconductor (MOS) devices exposed to low pressure plasma.
Task 008 -Ion implantation
The electrical properties of IR radiation transient annealed Si implanted semi-insulating GaAs were presented for 100 keV ion doses from The gas mixture passes over a silica glass boat containing liquid gallium. Two reactions now occur simultaneously. In one, the HCl reacts with the gallium to form GaCl ((Equation (2))]
In the reactor, arsenic dissolves in the gallium. After the gallium is saturated, a film of GaAs is formed. Similarly, a film of InP is formed over liquid indium saturated with phosphorous.
A unique feature of both systems is that the best epilayers were formed under those experimental conditions of temperature control, flow rate and boat length which are conducive to the presence of a uniform film over the entire period of growth. The thermochemical analysis of these Ga/AsCi3 / 2 systems under stable growth conditions was based on the source reaction
and the assumption that the arsenic in the vapor phase is elemental, i.e., 
XAs
The second part to this research was to confirm the above suggestion by simulating the Ga/Cl ratio as a temperature curve from 450-1000C. We will briefly describe the three main areas that were addressed during the period of this funding.
Alloy Clustering In InAlAs
In .52Al 0.4As lattice matched to InP is an important material which is used as a barrier region for both optical devices and modulation doped field effect transistors. The optical and transport properties are thus of great value. An important structural parameter characterizing an alloy is the extent of alloy clustering present in the alloy. Alloy clustering can seriously affect both the optical and transport properties of an alloy and therefore must be controlled. InAlAs grown under MBE conditions is expected to be immiscible from purely thermodynamic considerations. However, since MBE is not an equilibrium growth technique, one can expect to produce a miscible alloy. To study the effect of growth conditions on the alloy quality, a series of computer experiments were carried out.
This effort was to understand the physics of semiconductor heterostructures. Three main areas of research were explored to develop theoretical models for understanding a variety of novel observations:
(1) theoretical studies to understand the growth of heterostructures by MBE, (2) understand the effect of structural imperfections (e.g., interface roughness, alloy clustering) in quantum wells on photoluminescence lineshapes, and (3) develop models to understand high field transport.
2.9
Task 015 -Ion Implantation Studies Since extremely high transconductance is possible with high electron mobility transistor (HENT) devices, the source resistance and hence the ohmic contact resistance becomes an important factor in reaching the maximum obtainable performance of the devices.
Unfortunately, the formation of ohmic contacts to AlGaAs surfaces has been problematic because the contacts generally exhibit high, nonuniform, and nonreproducible resistance. Therefore, n+-GaAs cap layers are sometimes grown onto the AlGaAs for easier contact formation. In any case, it is necessary to dope degenerately the semiconductor immediately beneath the ohmic contact in order to obtain minimum contact resistance.
and one of the methods of obtaining this n layer is by ion Implantation technique.
In this work, we have studied the electrical properties of Si-implanted GaAs using the Hall-effect/sheet-resistivity measurements in order to obtain useful information in the ohmic contact formation of HENT devices. Also, in order to better understand the electrical behavior of the Si implants in GaAs, we have carried out a comparative study of secondary ion mass spectrometry (SIMS) atomic profiles and electrical carrier profiles.
It has been found that the annealing behavior of sheet carrier concentrations is highly dependent upon ion dose and annealing temperature.
It has also been found that the electrical carrier profiles follow very closely the SINS atomic profiles for low dose implanted samples.
Therefore, the electrical activation efficiencies are generally high for the Si-implanted GaAs.
One of the important reasons for pursuing HENT device research is to learn how to take advantage of its extremely high electron mobility for use in high speed digital signal processing and high frequency microwave systems. However, this advantage cannot be achieved unless high quality electrical isolation between devices can be guaranteed. One of the methods of producing isolation strips between the active devices is by ion implantation using ions such as protons and oxygen. The physical principle involved in device isolation by the ion-implantation technique is based on the production of ion-bombardment induced damage in the irradiated zones. This technique will have an advantage in fabricating truly monolithic device structures by eliminating mesa etching and thus providing planar structures.
In this work, we have studied the electrical properties of Si-implanted GaAs after bombarding with oxygen ions.
Although we do not understand the exact nature of defects or compensating centers created by the ion bombardment, we can successfully produce high-resistivity layers by oxygen implantation into conducting GaAs layers.
Task 020 -A MOCVD Growth System
MBE was used to produce a variety of semiconductor heterostructures for materials studies and novel device applications.
Resonant (double-barrier) tunneling diode structures were produced and gave rise to the best reported device characteristics.
Peak-to-valley current (PVC) ratios as high as 3.6 and 21.7 were found from a structure which utilized AlAs/GaAs superlattice barriers at 300 K and 77 K, respectively. In an alloy barrier structure with x -0.42, PVC ratios of 3.9 and 14.3 were observed at 300 K and 77 K, respectively.
These excellent results are thought to be in part due to a Otwo-step" spacer layer incorporated in the doped regions of the devices.
Inversion base transistor (IBT) structures were produced and gave rise to world record device results. Current gains greater than 25 and 100 were observed at 300 K and 77 K, respectively.
AlAs/GaAs and AlGaAs/GaAs superlattice structures were grown and studied by variable angle of incidence spectroscopic ellipsometry (VASE). Confined particle states near the fundamental band gap were observed by VASE for the first time. The results were used to determine the quality of the interfaces present in the superlattice structures.
The growth and vacuum sublimation of GaAs on AlAs was studied at temperatures near 7000C by the technique of reflective high energy electron diffraction (RHEED).
The temporal behavior of the crystal surface symmetry was studied as a function of arsenic overpressure and substrate temperature, both during growth and upon growth interruption.
The results suggest that the incorporation coefficient of Ga is a strong function of the local Al concentration; this dependence was found to be stronger than that predicted by current theoretical models. RHEED oscillation measurements of the growth rate of AlGaAs as a function of substrate temperature gave rise to results which support these conclusions. The activation energy associated with the desorption of Ga from an AlGaAs surface was calculated as a function of the local Al concentration for the first time.
Many other materials and device studies were performed on MBE grown heterostructures based on the (A1,Ga) As system. Techniques used in these studies include VASE, RHEED, photoluminescence spectroscopy, photoreflectance spectroscopy, Raman spectroscopy, transmission electron diffraction, C-V profiling, Hall effect measurements, infrared absorption, and Auger electron spectroscopy.
Task 021 -Raman Semiconductor Characterization
The surface characteristics of several substrates of interest in the electronic device field were investigated. A Varian Auger electron spectrometer was installed in a new vacuum system and repaired and cleaned to make it operational. The channeltron device was repaired and electron energy spectra were collected for a variety of sample materials.
Task 022 -Molecular Beam Epitaxy/Auger
This task involved upgrading a MBE system, Varian model 360. MBE is an ultra high vacuum (UHV) deposition system used for the single crystal epitaxial growth of semiconductor materials. Prior to this upgrade the MBE 360 was capable of growing only one-inch-diameter semiconductor materials. Only one of these samples could be processed from atmosphere to UHV per day.
To upgrade the system capabilities, two major equipment additions were installed. A six sample wafer loading system was added to the existing air lock mechanism on the MBE 360. This wafer loading system allows for the loading of six 2-inch wafers at one time in a UHV station. This will increase sample throughput and decrease operation time. The wafer loading system has incorporated a heatable wafer station so a substrate can be outgassed in UHV prior to loading into the growth chamber. This allows for continued growth chamber cleanliness.
The other upgrade installation is a new sample manipulator that allows continuous rotation of the substrate to increase deposition uniformity across the 2-inch growing surface. Another very important feature of the rotating substrate holder is it allows the operator an easy way of aligning the correct crystalline planes to use. RHEED allows for the in-situ determination of exact growth parameters, such as correct arsenic to gallium ratio in the growth of GaAs. RHEED also gives important surface information while the material is growing on a monolayer scale.
Before the new upgrades were added, the MBE 360 was completely dismanteled and cleaned after seven years of GaAs deposition. This improved system cleanliness and material quality.
Task 025 -Theory of Semiconductor Oevices
The contract effort was largely directed to creation of a model and demonstrate and/or optimize these advanced processes, and photomasks were designed and fabricated. Analysis of the data was tested and performed to provide feedback for the optimization of these fabrication processes.
A UES scientist provided guidance, leadership and encouraged clean room discipline required for successful processing of advanced integrated circuits. 
Task 007 -6aAs MESFET Burnout Investioations
This report describes an effort by Dr. James J. Whalen a UES consultant.
Low noise GaAs MESFETs have been developed for use as rf amplifier stages in microwave receivers. One important application for these RF amplifier stages will be in transmit-receive (T-R) radar systems which share a common antenna.
T-R radar systems usually have protection devices (such as T-R cells) to limit the microwave power incident upon the GaAs MESFET.
Since the protection devices cannot respond instantaneously, there is a time duration of 1 to 10 nanoseconds (ns) during which the protection device cannot limit the microwave power incident upon the GaAs MESFET. During this short duration of time, the MESFET may be burned out. When limiting occurs (e.g., after 10 ns),
there is still leakage of the order of 100 mi through the limiter which can cause GaAs MESFET degradation or burnout. There were also some applications in which it may be desired to omit a limiter in order to reduce weight, cost, or the degradation in system noise figure caused by the limiter insertion loss which may be in the range 0.2 to 0.8 dB. The reliability of such radar systems will depend upon the burnout properties of the GaAs MESFET. Information on this subject is still rather sparse.
For this reason, an experimental investigation has been carried out to obtain X-band microsecond pulse, millisecond pulse, and CW burnout data for GaAs MESFETs. This investigation was a continuation of an investigation initiated to obtain ns pulse burnout data.
3.3
Task 010 To meet the program objective, data generated by AFWAL/MLP low-pressure and high-pressure liquid-encapsulated Czochralski growth program and by four AFWAL/AAD devices fabrication programs were reviewed for accuracy.
Task 028 -Radomes
The work covered two different technical areas. One was cross-pole electronic countermeasures (ECM), the other was airborne missile radomes.
The work on cross-pole ECM in this task began with a written overview of the subject. Then the background for a detailed analysis of typical scenarios was developed, using reasonable approximations for some of the more complicated functions involved. Some of the Georgia Tech reports on the subject were reviewed for direction and some pattern calculations were made for typical antennas.
The work on airborne radomes involved two missile radome contracts, one with Texas Instruments and one with Raytheon Missile Systems
Division. There were several telephone conversations with personnel from both companies. In addition, one visit was made to each company. Each company had various difficulties in carrying out the terms of its contract with the Air Force. There were electrical, structural, thermal and materials problems. The problems and progress on the contracts were reviewed and suggestions were made to solve the problems.
AADO TASKS

Task 018 -Microwave Excited Gas Discharge Laser Study
The density of a plasma generated in a TM 010/2.45 GHz microwave cavity has been measured from the shift of the TM110 mode excited at a higher frequency. Since the design was aimed at obtaining optimum power coupling, the cavity is imperfect from the viewpoint of the density
measurement.
A technique based on the dipole resonance behavior of cavity modes with nonzero axial mode number has been utilized to calibrate the observed TM 10 mode frequency shift, which is found to differ considerably from the ideal cavity formula. A new theoretical formula, taking account for the particular form of cavity imperfection used in the experiment, has been derived and verified. It is shown that the cavity shift method also is conveniently applicable to pulsed microwave discharges. 
Subtask 14A -VHSIC Training Manager and Technical Consultant
The first effort of this subtask was to provide support for the VHSIC Technology Insertion Regional Workshops. As part of this subtask, ERIM attended the status reviews held by the six VHSIC Phase I contractors, as well as other reviews and workshops which were important to the VHSIC program. The information presented at these reviews and workshops was analyzed and used to update presentation material for the VHSIC Technology Insertion Regional Workshops. Technical areas analyzed included the Integrated Design Automation System (IDAS) program, VHSIC hardware description language (VHDL), process technology, system and chip design, chip architecture, packaging, and computer-aided design (CAD).
In addition, initial planning of a VHSIC tutorial course continued.
Subtask 14B -VHSIC Video Tape Presentation
Efforts on this subtask included the planning, development and production of a video tape describing the VHSIC program. This presentation was to explain the VHSIC technology, describe the VHSIC program, and illustrate the uses of VHSIC technology. It was to be targeted at the senior officers of the three services. A length of approximately 15 minutes was required.
Both tasks were successfully completed. The efforts on Subtask 14A
contributed significantly to the VHSIC Workshops held in 1986 and have been a major factor in the organization and design of the VHSIC seminars being planned for 1987. Subtask 148 resulted in a video tape draft entitled "VHSIC, the Answer" which was delivered in February 1987. The final length of this draft was 19 minutes 10 seconds.
Task 016 -VHSIC/IDAS Consultants
UES provided analysis and consultation services for the VHSIC program. The technical consulting team was formed from UES employees, industry, and academic institutions.
The UES consulting team provided support, planning, coordination and implementation related to IDAS -1,2,3.
The consulting team worked in an advisory capacity to the government engineers. They did not take part in the VHSIC meetings.
This support was provided on a short-time/short-term schedule.
5.3
Task 017 The fact that UES chose this approach and performed the work with the Avionics Laboratory, is an indication of the capability of UCS in this area.
